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SINOPSIS 


This report presents experimental investigation on 
Hot Machining of En-34. steel with Coroman t carbide tips using 
plasma arc heating. A comparison of Plasma Hot Machining 
with Conventional Machining is made. 

A three dimensional lathe tool dynamometer is designed 
and fabricated to study the variation of cutting forces. 
Bbcperiments are conducted for compartive study of tool chip 
interface temperature and surface integrity obtained during 
Conventional Machining and Plasma Hot Machining • The 
machining is performed with speeds ranging from 52 m/min to 
166 m/min at a constant feed and depth of cut of 0.15 mm/rev 
and 1 mm respectively. Throw away carbide tipped tool having 
geometiyO, 6, 11, 5, 15, 15, 1'2 is used. Fresh cutting edge 
is used for each experiment. Plasma Hot Machining experiments 
are conducted using a 2.75 KVA micro plasna welding unit 
( Indian Oxygen Company ) with optimal parameters, viz., arc 
current of 15 amps, Argon gas pressure of 6 Isg/cm , and gas 
flow rate of 3 litres/min , To study the effect of stand -off 
distance, machining tests are conducted with stand-off distances 
4,6, 8 and 10 mm for 52 m/min and 105 m/min speed. 

Tool chip interface temperature is measured using tool 
chip thermocouple principle. 113 j- 2 microscope with microhardness 



testing attachment is used to measure microhardness, Profilo- 
meter ( Bendix Corporation, II, S. A.) is used to measure surface 
finish. 

The behaviour of cutting forces, tool chip interface 
temperature, surface finish and microhardness with cutting 
speed and stand-off distance are presented • 

Following conclusions are drawn 

(1) The cutting forces reduce during Plasma ffot 
Machining compared to conventional Machining, 

( 2 ) Tool chip interface temperature increases during 
Plasma Hot Machining , 

(3) Surface finish improves due to Plasma Hot Machining • 


(4) Increase in surface hardness is more in the case of 

Plasma Hot Machining compared to Conventional Machining, 
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INTRODUCTION MD LITERATURE SURVEY 

1.1 General 

Low metal removal rate obtained during Conventional 
Machining of High Strength Temperature Resistant (HSTR) and 
refractory materials has created a demand for improved 
methods of metal removal. Hot Machining is one of the most 
promising process being applied to machine these materials. 

The basic idea behind Hot Machining is to raise the temperature 
of the workpiece, Just ahead of cutting tool close to recry- 
stalisation temperature to reduce tte shear strength in the 
immediate vicinity of the shear plane. Toughness and hardness 
primarily determine the machining characteristic of materials* 
These properties are temperature dependant. So the application 
and control of heat in the region of metal deformation forms 
the basis of Hot Machining. 

The selection of suitable heating method depends on the 
type of machining operation, thermal efficiency and the 
extent of thermal damage. 

The main requirements of a suitable heating technique 

are; 

a) Heating should be intense and confined to the shear- 


zone 
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b) The time lapse between heat application and 
cutting should be sin:ll so that minimum heat is 
soaked into the workpiece to a-^’-oid metallurgical 
damage. 

c) It should be economical both in installation and 
operation. 

The various heating methods ( 1,2) used for BEbt 
Machining are: Electric resistance heating , Induction 
heating, Qxy-acetylene gas heating, Electric arc heating and 
Plasma arc heating. 

The Plasma arc heating is used in the present investi- 
gation due to its high specific heat input and ease of 
controlling the heat input to the workpiece, 

1,2 Literature Survey 

Hot Machining has been under investigation for many 
years as a method for improving machinability of metals that 
are otherwise difficult to machine [ 1, 3> 4 ] 

Tour and Pletcher[o3 showed that a substantial increase 
in metal removal rate can be obtained by Hot Machining using 
induction and oxy-acetylene gas heating technique. Localised 
heating of the workpiece, just ahead of the point of machining 
results in improved machinability, reduced power consumption 
good part finish and increased tool life. Figure,! shows the 
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variation in strength with temperature for various steels 
investigated by them. It is found that heating mild steel 
to a temperature of 150O ^ increases the metal removal rate 
by 300^ , In the case of heat treated alloy steel having a 
tensile strength of 120,000 psi and cobalt chromium steels, 
the metal removal rate increases by 200^ and 12?^ respectively* 

Schmidt[4], using oxy -acetylene gas heating, showed 
that the power required for machining high strength alloys 
at elevated temperature is considerably less than that 
required for machining at room temperature. 

Armstrong, Cosier and Katz [5] found that tool life 
increased ten fold when cutting austenitic stainless steel 
at kOO , Bigh temperature alloys eg, vitallium could be 
machined freely at temperatures ranging from 700 ^ to 
2000 It was observed that long curling chips and smooth 
surfaces were produced in Hot Machining using induction and 
arc heating • The same materials when cut at rocan temperature 
produced powdery chips and a glazed uneven, surface. 

Krabacher and Merchant [6] using oxy -propane flame 
heating, showed that tool life does not always increase with 
increase in workpiece temperature. Instead, for a given 
work, material^ there is a definite temperature at which 
tool life is maximum. Tool life mainly depends on the tool 
chip interface temperature and ■ abrading action of the work 
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on the tool. They also found that chip friction reduces with 
increase in temperature leading to lower tool forces. The 
main factor responsible for lower tool forces at elevated 
temperature is the decrease in shear strength of the material, 

ELnds and Almeida [2,7] opined that plasma arc heating 
is the most efficient heating method, Tery high workpiece 
temperatures can be attained within fraction of a second 
due to high specific heat input capacity of the plasma arc. 
They investigated the resultant temperature field at the 
entrance of the cutting zone and studied the optimum posit- 
ioning of the torch to achieve the greatest benefit. They 
observed that the efficiency of heat energy transfer to the 
workpiece reduces with increase in cutting speed and stand- 
off distance ( Fig, 2) • They found that heat transfer 'ie 
more effective in the range of cutting speeds from 100 to 
150 m/min, for a gas flow rate of l+,0 litres/min, voltage 
of 1+4- volts, current of 100 amps and a stand-off distance 
of 9 

Beznlkov etal [8] carried out research on temperatures 
occuring during cutting with plasma pre- heating. They 
determined cutting forces, cutting rates, tool life and chip 
contraction during the cutting of alloy steels , They 
compared the temperature distribution in the cutting zone 
due to plasma jet heating and electro contact (electric 
resistance) heating. The temperature fields resulting from 
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additiocial iwre-heating of cutting zone is shown in Fig, 3a, 

The effect of heating by the ancillary source alone is 
considered and the heat resulting from cutting is not 
included. They argued that electro contact pre-heating 
raises the temperature of only the chip layer adjacent to 
the tool and that the region of fundamental plastic deformat- 
ion is not affected. On the other hand, plasma pre-heating 
of the workpiece in the vicinity of the shear surface causes 
pre-heating to a fairly high temperature resulting in the 
reduction of work material strength. This leads to reduced 
cutting force as shown in Fig, 3h. The increased plasticity 
of the work material increases the chip ccxitact with the 
tool which gives rise to more uniform heating of the cutting 
edge • This results in reduction of stress at the tool tip 
and more uniform wear of the cutting edge with increased 
tool life, 

1,2,1 Plasma Arc Heating 

Plasma arc is in use in the welding industries as a 
heat source for a long time. Plasma is produced T«hen gases 
such as Argon, Helium and Hydrogen are passed through an 
electric arc, the gases dissociate into atoms due to high 
temperature of the arc. These atoms collide with high 
velocity electrons which in turn cause ionisation of the 
gases#. The processes of dissociation and ionisation of gases 



§ 



(1) PLASMA JET MEATWG (2) ELECTRO CONTACT MEATIMO 

FIG.3a TEMPERATURE FIELDS RESULTING FROM PREHEAT 
OF CUTTING ZONE 



FIG. 3b INFLUENCE OP PLA^A HEATING 
ON CUTTING FORCE 

C After Reinlkov^tt al [8] ) 
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are acconpanied by absorption of heat. 

The processes of dissociation and ionisation are 
carried out in a torch having a tungsten cathode and a 
brass nozzle which acts as an anode. An arc is struck in- 
side the torch and Argon gas is passed through the arc. 

A shielding gas is generally used which envelopes the 
plasma gas and reduces the loss of heat to the enviraiment. 
Water supply through the torch keeps the temperature of 
the cathode at low levels. 

Plasma arc can be used in two modes viz. , (a) tra&s-^ 
f erred arc mode and <b) non -transferred arc mode as shown 
in Fig, 4, In transferred arc mode the nozzle and work-piece 
are made anode. Pilot arc is struck between the tungsten 
cathode and the nozzle. As soon as the main arc is estab- 
lished, work piece acts as anode thereby avoiding heating 
of the nozzle. Very high current densities can be used in 
this configuration. 

In non-transf erred arc mode the nozzle solely acts as 
an anode. Pilot and the main arc are established between 
' tungsten cathode and the nozzle. The plasma stream in the 
case 0f non-transf reed arc mode is electrically neutral. 
However, the nozzle is subjected to Impinging electrons. 

So it is desirable that the arc be distributed over 
relatively larger area of anode rather than a single spot 
to avoid damage to the nozzle. 




(a) TRANSFERRED ARC MODE 



(b) NON-TRANSFERREU ARC MODE 
FIG 4 
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Limitations of transferred arc mode *_ 

(a) The torch is subjected to intense radiation of the 
arc columa 

(b) It cannot be used in the case of electrically non 
conducting materials. 

(c) It is difficult to connect the worlc piece to the anode 
of the supply in the case of turning operation, 

(d) It requires elaborate instrumentation to measure tool 
chip interface temperature by using tool work thermo- 
couple due to interference of power supoly to the 
work piece. 

In the present investigation non -transferred arc 
mode is preferred due to the above mentioned limitations 
of transferred arc mode, 

1, 2, 2 Effect on Surface Integrity 

Machining is a mechanically and metallurgically very 
severe deformation operation which influences the properties 
of the finished surface. 

Turkovich and Field [9] listed major types of surface 
alterations in machining as : 

plastic deformation, plastically deformed debris, laps, 
tears and crevice like defects, microcracks, intergranular 
attack, over tempered and untempered naftensite, over 
aging, recast, respattered metal or vapour deposited metal, 
microhardness and residual stress. 
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The major causes of surface alterations are high 
temperature gradient, plastically deformed debris, chemical 
reactions and subsequent absorption into the machined surface 
They found that "depth of surface alterations in most 
material removal processes ar© quite shallow', usually under 
0, 25 mm". 

Surface hardening results from the formation of 
untempered martensite and plastic deformation by cold working. 

Mechanical residual stresses are developed due to 
inhomogenoas plastic flow caused by external forces, 
thermal gradients, glide, twinning, kinking and dislocation 
etc. Other residual stresses are produced by chemical or 
structural effects, alloying precipitation and phase 
transformation etc. 

Leskovar and Peklenik [lo] experimentally determined 
the microhardness and residual stresses of the machined > 

surface . They found that microhardness is affected more by ' 
wear of the tool rather than the cutting speed ( Fig. 5) 

The studies on met alio graphic pictures have revealed the 
indications of deformation of surface layer. 

Liu and Barash [ 11, 12, 13] exhaustively studied 
the residual stresses developed in the machined surface 
and its causes. They found that residual stresses of higher 
value are induced by lower cutting speeds at smaller depth j 
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FIG. 5 microhardness AS A FUNCTION OF FEED 
RATE t AND THE TOOL WEAR VB 
f After Leskovar ond Peklenlk [10] ) 
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of cuts. Smaller the depth of cat greater is the effect of 
cutting speed. At slow sueeds a smaller depth of cut produces 
higher tensile stresses. At higher speeds the reverse occurs. 
The shape of the cutting edge such as edge radius and 
effective clearance angle will determine the residual stre- 
sses in a machined surf ace. Hesidual stress distribution Mong 
and across the cutting direction in the conventional cutting 
is shown in Fig, 6. 

Ovseenko etal [Ht-l investigated the effect of pre- 
heating on the machined surface layer of high alloy cast irons. 
They found that in the case of pre-heating upto 300° C 
the reduction in cutting temperature as a result of dimini- 
shed work piece strength, proceeds more intensively than 
the increase in the temperature as a result of pre-heating. 

A pre-heating temperature of over 300 °C has a more powerful 
effect on the total temperature than the reduction of 
cutting temperature. Figure 7a shows the effect of pre- 
heating temperature on the temperature of the machined surface 
layer for different cutting speeds. The reduction in surface 
temperature is more at higher speeds. The compressive 
re ^ stresses produced after machining with pre- 
heating are greater than those produced in machining with- 
out pre-heating due to the reduction in surface temperature. 
The effect of pre-heating on the residual stresses is shown 

in Fig. 7b. 



Residual stress (KPSI 
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Depth Into machined surface 

PI&6 RESIDUAL STRESS IN CONVENTIONAL CUTTING. 
(After Liu and Barash [11]) 
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FI0.7 EFFECT OF PRE-HEAT TEMPERATURE ON 
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1.3 •Aim of the Present work 

To study the microhardness and surface roughness, 
Conventional and Plasma Hot Machining tests are carried 
out on En_3+ steel. Cutting forces and tool chip interface 
temperature are also measured, Non transferred arc mode of 
plasma heating is used because of convenience of operation. 



CHAPIER,P 


EXPERIMSI'TTAL SET-UP MD PROCEDURE 

2.1 General 

In the present investigation j Plasma Hot Machining 
experiments have been carried out on Eh-af steel to study- 
cutting forces, tool chip interface temperature, surface 
finish and microhardness of the machined surface. A compar- 
ative study between Plasma Hot Machining and Conventional 
Machining is made. 

2.2 instrumentation 

The schematic diagram of the experimental set up is 
shown in Pig, 8 , 

Ibe Bilcro plasma welding unit with following 
specifications is used as a heat source in Hot Machining. 
Input 

Supply -200/250 V, Single 0 , 50 C/S 

Voltage tappings- 200 /2^ V, 225/2507 
Maximum KVA- 2.75 
Maximum input current- 12 Amps 
Output 
Main arc 

0, C, voltage- 100 V nominal, 150 V peak 
Low range current- 0,1 to 2.0 Amps 
High range current- 1.5 to 15 Amps 



CHUCK 
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Pilot arc 

O.C. Voltage- 100 V nominal, 150 V peak 
Striking current- 6 Amps, at 28 V 
Running current- 2.5 Amps, at 21+ 7 
Argon gas is used as the plasma generating gas. 


2.2.1 Torch Holder 

The torch holder designed and fabricated by Ghattopa- 
dhyaya [15] is usedU The torch holder has provision to 
vary torch position with respect to tool, stand-off distance 
of the torch from work piece and incident angle of the 
plasma on the work piece. 

2.2.2 Three Dimensional Lathe Tool D3mamometer 

A three dimensional lathe tool d3mamomet€r ( Fig, 9) 
is designed with the capacity of 150, 100 and 200 Kg in x,y 
and z directions respectively on the principles given in 
references [16, 17, 18] . The dynamometer is of 

mild steel and consists of two extended octogonal rings 
one above the other , Preliminary tests showed that the 
tool vibrated violently due to the low rigidity of the 
dynamometer in dynamic loading conditions. To increase the 
rigidity of the dynamometer two circular rings are fixed 
as shown in Fig, 9. 




Fig. 9 Three dimension lathe tool dynamometer 
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Sixteen SR-lf paper based resistance type strain gases 
( ^00 ohm resistance and 2.1 gage factor) are cemented 
on the dynamometer as shown in Fig. 10. The gages are 
connected to form wheat stone bridge circuits such that 
cross sensitivity between the force components is minimised. 
The connections of the gages for measuring forces in the 
three directions are shown in Fig. 11, 

The dynamometer is calibrated by fixing it on the 
Horizontal Milling Machine table (Fig. 12) . A 25 ™i square 
mild steel bar is fixed in the position of tool. Loading 
is done by moving the work table, A. proving ring of $00 
pounds capacity is used to measure the loads applied . The 
voltage change in wheat stone bridge circuits are recorded 
by an encardiorite recorder ♦ The calibration for each 
force components is made one after the other by changing 
the loading direction. Calibration curves for the three 
components are shown in Fig, 13 . Cross response is found 
to be less than 1/S. 

2, 3 Specimen Preparation 

En*.^ steel bar is turned to the dimensions shown in 
Fig, 14 to make several specimen of 6 mm length and 42 mm 
diameter . Specimen are prepared by Conventional Machining 
with sufficient coOLant supply. 



3A5cS 9,10 H mounted 
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2.4 Experimental Procedure 

The Conventional Machining tests are carried out on 
En~24 steel for a range of cutting speeds from 52 to 166 m/min 
at a constant feed and depth of cut of 0,15 mm/rev and 1 mm 
respectively. Sandvic Coromant indexable tool holder ( R 
and L 174* 2 - 2525 M) -with throw away tips having geometry 
0, 6, 11, 5, 15 j 15, 1. 2 is used as cutting tool. Fresh 
edge is used for each test. 

The Plasma Hot Machining tests are performed by 
keeping the torch at a stand-off distance of 11 mm and 
at a distance of 20 mm from cutting edge along the circum- 
ference of the work piece as shown in Fig, 15a. The cutting 
conditions used are same as that of the conventional cutting 

tests. The optimal parameters of the torch [1^ 1 (15 amps 

2 

current, Argon gas pressure of 6 Kg/cm and gas flow rate 
of 3 litres/ min) are used. 

To study the effect of stand-off distance experiments 
are conducted with stand-off distances of 4^ 6, 8 and 10 ma 
at cutting speeds of 52 m/min and 105 m/min. A modified 
torch work configuration shown in Fig. I5b is used to 
avoid obstruction of porcelain shroud* 

2.4.1 Measurement of Temperature 

Tool work thermocouple[l53 is used to measure chip 



TORCH 
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tool interface temperature ( Fig. 8) . The tool work 
contact area serves as a hot junction in a thermo-electric 
circuit and the E*]F generated is proportional to its 
temperature. Tool is insulated from dynomometer with 2 mm 
milar sheet and work piece is insulated from lathe machine 
by 3 ®m thick fibre. A copper disc is fixed to one end of 
the the work piece. The copper disc rotates in a mercury 
b'^th to make a firm electrical connection. EMF generated 
by tool work thermocouple is recorded on a strip chart 
recorder. Temperature is read from the EMP and temperature 
calibration curve 1 [15] for En-2lf steel- tungsten carbide 
thermocouple Fig. 16, 

2. 4*2 Measurement of Cutting Forces 

The cutting forces are measured by using three 
dimensional lathe tool dynamometer • The dynamometer with 
tool fixed in position is mounted on the compound slide 
of the lathe as shown in Fig, 8, The cutting experiments 
are carried out and the cutting forces are recorded by 
encordiorite recorder. Recorder sensitivity of 0,001 V/Cra 
is used, 

2,4»3 Measurement of Surface Roughness 

The RMS value of surface roughness of machined surface 
is measured using a portable profilometer (Bendix 
Corporation , U, S# A. ) which employs a stylus that is 







draggsd across tae ^achinod surface, A stroke length of 
3 mm is used for ■^he stylus. 

2,4.4 Measurement of IMicrohardness 

The machined specimen are cut as shown in Fig. 17a, 

The machined surface of the specimen is polished . The NTJ_2 

microscope with microhardness testing attachment is used 

to measure the microhardness. A special vice is designed 

for the purpose of mounting the specimen (xi the microscope 

table ( Fig, 17b), A diamond indentor (Pyramid with an angle 
o 

of 136 between opposite faces) and 80 grams load is 
used for making indentation. The largest diagonal of 
the indentation is meisured using magnification of 15x25. 

The eye piece scale is calibrated according to the 
magnification used^ 

Microhardness is calculated using the formula, 



where 

2 

H is hardness in Kg /mm , 

P is Load in Kgf and, 
d is diagonal of square indentation in mm. 








CHAPTER-^ 

RESULTS AJU DISCUSSION 

3. 1. General 

The results of experiments conducted on Conventional 
Machining and Plasma Hot Machining are presented in this 
chapter. The effects of cutting speed and stand-off distance 
on cutting forces, tool chip interface temperature, 
surface finish and microhardness are discussed, A comparison 
between Conventional Machining and Plasma Hot Machining 
is made* 

3# 2 Cutting Forces 

Figure 18 represents the behaviour of cutting forces with 
speed ranging from 52 m/min to 166 m/min for Conventional 
Machining and Plasma Hot Machining with 11 mm stand- off 
distance. It is observed that cutting forces reduce by 
about 10^ during machining with plasma heating. The reduct- 
ion in forces is some what higher at lower speeds. 

Figure 19 represents the variation of cutting forces 
with torch stand-off distance for cutting speeds of 52 m/min 
and 105 m/min , The cutting forces increase marginally 
( by about 4.^) as the stand-off distance is increased from 

4 to 10 mm. Cutting forces are minimum at 4 mm stand-off 
distance. Reducing stand-off distance further is not 
possible due to interference of nozzle and flame. 







Cutting f 



FIG.19 VARIATION OF CUTTING FORCES WITH STAND-OFF 
DISTANCE 
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^ove results show that plasma heating reduce, 
tangential cutting lorce h. aproxlmatel. 15^ and feed 

force by at 5a m/min cutting speed and 4 mm stand-off 
distance for the available power of torch. 

The reduction in cutting forces during Plasma Hot 

Machining is due to the reduced strength of work material 
at higher temperature. ( Fi?, i) 


3*3 Tool Chip Interface Temperature 
Figure 20 represents the variation of interface 
temperature with speed for Conventional and Plasma Hot 
Machining for a stand-off distance of 11 mm. In both the 
cases tool chip interface temperature increases with increase 
in speed. The increase in temperature during Hot Machining 
is nearly 1+0% ■ at 52 m/min And is 10^ at. 166 m/min . The 
increase is more at lower speeds than at higher speeds due to 
the fact that heat energy transfer efficiency is more at 
lower speeds. Hinds and Almeida [7] found that efficiency 
of heat energy transfer of plasma flame to the work piece 
reduces with increase in both cutting speeds as well as stand, 
off distance (Fig, 2) . The decrease in heat transfer 
efficiency is due to lower heat energy input to the cutting 
zone per unit volume of material at higher speeds. 

Figure 21 presents the variation of interface 
temperature with stand-off distance fbr cutting speeds of 
52 m/min and 105 m/min » The temperature decreases with 
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increase in stand-off distance, the rate of decrease being 
higher at lower speed, 

3*4 Theoretical Estimate of Average Pre-heat Temperature 
The estimate of pre-heat' temperature at which 


the work piece material approache s the cutting edge [3] 
due to plasma arc heating alone is made using eauation 


2 VL b in~ki 


[ -k,, a^] erf [fe! ] 


T is the temperature set up in a solid by a rapidly 
moving normal circular heat source ( °G ) 

W is the power of plasmotron ( watts) 

is the thermal efficiency of the plasmotron 
^ is the thermal conductivity of work piece material 
( w/Cm°C ) 

a and b are the thickness and width of cut respectively 
L is the distance of the plasma flame from the cutting 
edge, lead ( cm) 

2 . 

kQ= 1/ Area of plasma flame spot ( l/cm ) 

k^= 7 /( 4 t^L) ( 1/cm^) 

where V is the cutting speed ( cm/s) 

W is the thermal diffusivity of the work piece material 
( cm^/s) 

|Sis the coefficient which allows for accumulation of 



heat in the work piece during machining. It depends on 
the cutting rates and properties of the work piece 

material. For steels it ranges from 1.2 to 1.5 . 

Xn the present investigation work piece is En-24- 
steel and heating source is a micro plasma welding torch. 

A computer program is made to calculate the temperature 
of work piece for different cutting speed, depth of cut, 
width of cut, lead distance and spot diameter. 

The values of the variables taken for calculation 
of temperature are listed below 
W = 2250 watts 
'l = 60^ [20] 

En-21+ Steel properties [2l] 

Thermal conductivity = 6,38 0926 w/(cm °C) 

Density = 7.86 gm/cc 

Specific heat C = 0.493948 JoulesAgm °C) 

Figure 22 shows the dependence of temperature attained 
by the work piece on lead. Lead distance corresponding to 
maximum temperature increases with increase in speed. This 
is due to the time dependence of heat transfer . 

Figure shows the linear decrease in temperature 
with increase in spot diameter. This is due to the decrease 
in concentration of plasma flame with increase in spot area. 
Figure ^ shows the variation of average temperature 
with the depth of the work piece for different cutting speeds 
The average temperature decreases as the depth increases. 

The tool chip interface temperatures measured during Plasma 
Hot Machining shows similar trend as the theoretically estimated 
pre-heat temperatures. 
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3.5 Surface Roughness 

Figure,^ shows the variation of surface roughness with 
cutting speed for Conventional Machining and Plasma Hot 
Machining. Surface roughness is lower hy approximately 
in the case of Plasma Hot Machining. 

Figure 26 shows the variation of surface roughness 
with stand-off distance. Surface roughness reduces further 
with reduction of stand-off distance , 

The reduction of surface roughness in Plasma Hot 
Machining can he attributed to lower tool wear [19] and 
tendency towards continuous chip formation, 

« 

3.6 Microhardness 

Figure 2? shows the variation of microhardness with 
cutting speed for Conventional Machining and Plasma Hot 
Machining with 11 mm stand-off distance . Increase in 
microhardness is seen in the case of Plasma Hot Machining 
compared to Convent ional Machining • At 52 m/min , the 

increase in hardness is approtima^tely 8^ • 

In both the cases the microhardness increases parabo- 
lloally with speed and at higher speeds the effect of heat 
is ne^igible, 

Figure -28 indicates the effect of stand-off distance 
on the rdorohardness at cutting speeds of 52 n/min and 
105 m/mln. A further increase in mcrohardness is observed 
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at speed of 52 m/min and 1+ mm stand-off distance compared 
to 11 mm stand-off distance. 

Ovseenko et al[14] found that ^^rllile machining high 
alloy cast iron pre -heating temperature upto 300 °c 
reduces the machined surface temperature specially at 60 m/min 
(Fig, 7a) and increases the formation of residual compressive 
stress in the surface layer ( Fig, 7h)* 

The strength of the material is reduced due to 
pre-heating. This results in reduction of cutting forces 
and total temperature of the machined surface layer. 
Consequently the residual tensile stresses of dynamic origin 
are lowered compared with machining of unheated material. 

The resulting residual (compressive) stresses after machining 
with pre-heating are greater than when machining without 
it. This results in strengthening of surface layer leading 
to higher microharcJness. 


V 



CONCLUSIONS AND SCOFU FOR FUTUHE WORK 


The following conclusions are drawn from the 
results of cutting tests carried out on steel 

using carbide tipned tools by Conventional and Plasma 
Hot Machining at a feed of 0.15 mm/rev, depth of cut of 
1 mm and speed ranging from 52 m/min to 166 m/min • 

(1) The cutting forces reduce in the case of 
Plasma Hot Machining compared to Conventional Machining, 

The reduction is more at lower speeds than at higher 
speeds. The tangential cutting force is reduced by 15^ 
and feed force is reduced by • The decrease in stand- 
off distance helps in reducing cutting forces. 

* 

(2) The tool chip interface temperature increases 
during Plasma Hot Machining . The effect is more pronounced 
at lower speed and st ana-off distance. 

(3) Surface finish improves due to Plasma Hot 
Machining . Further improvement is obtained as the stand- 
off distance is decreased. 

Surface hardening takes place due to Plasma 
Eot Machining. Mircohardness increases by 8^ during 
Piasn?a Hot Machining compared to Conventional Machining 
at 52 m/min. 
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(5) Torch should be kept as close to the work piece 
as possible . 

(6) Even though the results show the trends in the 
behaviour of various parameters, to achieve ma-sri irinm benefit, 
torch of higher capacity should be used, 

4. 2 Scope for Future Work 

(i) The observed effects in the present study can be 
studied with torch of higher capacity and lower cutting 
speeds for different HSTR materials . 

(ii) Residual stresses developed due to Plasma Hot 
Machining can be studied . 

Ciii) Metallographic analysis of the machined surface 


can be made, 



53 


EEFEKaTCES 

1. Barrow G. , '^Machining of High Strength Materials”, 

Annals of CIRP, Vol I4, 1966, PP, 145451. 

2* Hinds B,K», ”Hot Machining”, Production Engineer, 
September 1978, PP. 19-23. 

3. Tour S. , and Fletcher L. S. , "Hot Spot Machining", 

Iron Age, Vol. I64. July 21, 1949, PP. 78-89. 

4. Schmidt A. 0. , "Hot Milling", Iron Age, Vol. I63, April 
28, 19+9, PP-66-70. 

5. Armstrong E. T, , Cosier A. S. , and Katz E.F. , "Machining 

of Heated Metals". , Trans, A. S.M.B. ,Vol.73,195l,PP. 3+-43. 

6. Merchant M.E, , and Krabacher, E.J, , "Basic Factors in 
Hot Machining of Metals", Trans. ASME, Vol. 7 3, Aug. 1951, 

PP. 7 61 -776. 

7. Hinds B,K., and Almeida S, M., "Plasma Arc Heating for 
Hot Machining", Int. J.M.T.D.R. , Vol.2l,n-2, I98I, 

PP. 143-152. 

8. Reznikov A,N. , et al, "Cutting with Plasma Pre-heating 
of the Material", Soviet Engineering Research, Vol,l, 

Wo. 7, 1981, PP. 35-37. 

9. Turkovich B.P, , Field M. , "Survey of Material Behaviour 
in Machining',’ Annals of CIRP, Vol. 30, No. 2, 1981 PP. 533-540. 



54 


10. Lekovar P. , Peklenik J. , "Influences Affecting 
Surf .ice Integrity in the Gutting Process", Amals 
ofi GiRp, Vol,3l. , No.l, 1982, PP.447 j+50. 

11. Liu C. R., Barash M. M. , " Variables Governing Patterns 
of Mechanical Residual Stresses in a Machined Surface", 
A.SME Journal of Sigineering for Industry, Vol. IO 4 , No, 3, 
August 1982 , PP. 251-264. 

12. Liu C, R, , Barash M, M. , "The Mechanical State of the 

S ’blayer of a Surface Generated by Ghip R-.moval Process", 
Part 1: G ittin" with a sharp Tool", ASMS Journal of 
En‘'1neering for industry , Vol. 98, No,4, Hbv. 1976, 

PP. 1192-1201. 

13 * Liu C, R. , Barash M, M.," The Mechanical State of Sublayer 
of a Surface Generated by Ghip Removal Process, Part2: 
Cutting with a tool with flank Wear", ASME Journal of 
Engineering for Industry, Vol, 98, No, 4 , Nov. 1976, 

PP, 1202-1208, 

14 , Ovseenko A,N. , et al "Temperature and State of Surface 
Layer of High Alloy Cast Irons when Machining with 
Pro-heating'‘| Society Engineering Research, Vol.3>No. 3, 
1983 , PP-45A7. 

l5,Suber Chattopadhyaya, "Investigation into Hot Machining 
of En-24 steel by using relay Circuit", M. T:.ch, Thesis, 

I, I, T* Kanpur, April 1981, 



55 


16. Loewen E, a. , Marshall E, R, and Shaw M, C, , '*Electrical 
S-i-rain * Gagp Tool Dynamometers’', Proc. Soc. Expt. 

Stress Analysis, Vol. 8, No. 2, 1951, PP.l. 

17 . Cook N, H, 5 Loewen E, G. , and Shaw M, C, , "Machine Tool 
Dynamometers", American Machinist , Vol. 98, No. 10, 

May 10, 1954-, PP, 125-129. 

18. Loewen B. G, , and Cook N, H, , "Metal Cutting Measurements 
and their Interpretation », Proc. Soc. Expt. Stress 
Analysis, V0I.I3 , No.2, 1956, PP.57 ^2. 

19. Devasthaly A^K. , 'TExperimental Investigation into Plasma 
Hot Machining of En_24 steel", M.Tech. Thesis , IIT, 
Kanpur, August 1982, 

20. Metcalfe J.C. , and Quigley M.B.C. , "Heat Transfer 
in Plasma Arc Welding ", Welding Journal, Research 
Suppl. , 1975 PP.99.5. 

21. Woolman J, , Mottran R. A. , " The Mechanical and Physical 
Properties of the British Standard EN Steels", 

Pergamon Press, 1966. Vol. 2, PP.72-110, 






(Y\0 - i®) Q ^ P 


